Abstract -In this paper we show that the effective atomic number of amorphous materials which can be treated as pure incoherent scatterers can itself be used as a constant for normalizing the experimental Compton profiles. This finding is expected to be useful since calculation of the normalization constant by the usual procedure of integrating the Biggs et al. Compton profile values is a tedious task for composite materials. This method is applicable to pure incoherent scatterers of known as well as unknown composition.
Introduction. -Compton scattering is the incoherent scattering of incident X-rays and gamma rays by quasifree electrons. In his explanation of the Compton scattering experiment [1, 2] Compton suggested that during the Compton effect individual photons collide with single electrons that are free (or loosely bound) and stationary (at rest) in the atoms of the target. The struck electron can be expected to be free whenever the incident photon energy is very large compared to its atomic binding energy. The stationary electron assumption is a special case of a scattering by a moving electron which can be dealt with via Lorentz transformation [3] . The colliding photons transfer their energy and momentum to such electrons. Each of these electrons, in turn, scatters the photons in a definite direction. As a consequence the struck electron would recoil. However, the moving electron leaves the Compton scattered line broadened [4] . The momentum distribution of the electron inside the scatterer is called Compton profile. The line shape revealed by the spectral analysis of the scattered radiation can be used to obtain the Compton profile by employing the impulse approximation. The Compton profile can yield valuable information about the electronic structure of atoms, molecules and solids [5] . Nowadays it also finds applications in studies such as archeometry as well as Compton scatter imaging, etc. [6] . The Compton profiles obtained from measured data are raw (un-normalized) and these have to be suitably normalized. For elements the constant required for normalizing the raw experimental Compton profiles can be obtained from the free-atom Biggs et al. values [7] , but for composite materials it is quite a tedious task to determine these values through the wave functions, for which, it is necessary to know the orbital electron distribution and the bonding information.
Weiss [8] suggested that during scattering of X and γ radiations from amorphous media at high momentum transfer, all structure in the elastic scattering virtually disappears and each atom scatters independently as if it were in a gas. So, at such energies and angles the scatterers may be considered to be pure incoherent scatterers. To visualize this practically we take recourse to a scattering experiment.
In a typical scattering experiment a goniometer assembly consisting of a suitable combination of a photon source, scatterer (target) and a scattering angle of interest is employed. So, whenever the incident energy far exceeds the binding energy of the target electron and/or the scattering angle is very large (high momentum transfer), the predominant process of photon interaction with the target is nothing but incoherent scattering. This is because the other two competing interactions namely atomic photoeffect and coherent scattering are not significant enough due to limitations imposed by momentum conservation. In such practical situations, whenever the aforesaid conditions are satisfied, the scatterer may be considered to be a pure incoherent scatterer. This aspect is further illustrated in the discussion section of this paper.
In a recent experimental work [9] [10] [11] [12] on the determination of the effective atomic number, Z ef f , we have shown that H-, C-, N-and O-based composite materials such as sugars, aminoacids, fatty acids and several polymer samples behave like pure incoherent scatterers. This aspect is corroborated by the more recent works of Taylor [13] and Manohara et al. [14] . Clearly our work [9, 11] has provided the experimental support for Weiss's contention.
The cross-section for the interaction of photons with materials is a function of photon energy and the atomic number Z [15] . For composite materials consisting of a number of different elements in varying proportions the gamma-ray interaction properties can be expressed by an effective atomic number Z ef f , which depends on the incident energy as well as on the atomic number of the constituent elements [16] . This indicates on an average, the number of electrons of the material that actively participate in the photon-atom interaction.
In this paper we show that in the case of amorphous samples which behave as pure incoherent scatterers, their Z ef f itself can be used to normalize the raw (un-normalized) Compton profiles obtained from measured results.
Method. -Theory. The single differential cross-section (SDCS) for incoherent scattering of incident photons by bound electrons in a target of atomic number Z at an angle θ is given by dσ
where
is the Klein-Nishina cross-section per elec-
, λ is the wavelength of incident photons inÅ. S(q, Z) which is taken to be a measure of the electron binding effects in the atom is the incoherent scattering function at a momentum transfer q.
For pure incoherent scatterers, i.e., in cases in which the incident photon energy is very large compared to the target electron binding energy or at high momentum transfer to the struck electron or for low atomic number scatterers, the electron binding effects appear negligible so that in eq. (1) S
Here Z ef f is the atomic number Z for pure elements and is the effective atomic number for a composite material which is a pure incoherent scatterer.
It is imperative that these values need to be tested against adequate experimental results. For this purpose we shall assume that J(p z ) is the total atom Compton profile. Here p z is the projection of the momentum of the initial electron on the scattering vector q = k − k, i.e., p z = p·which is given by
where ω is the incident energy, ω is the energy of the photon scattered into a solid angle element dΩ. If J i (p z ) is the contribution from i-th orbital, then we may write
where the summation is over all occupied states. If we denote p i,max as the highest value of p z for which an electron in orbital i can be excited, we can write
where m is the electron mass, I i is the binding energy of the electron in the i-th orbital. Hence, the number of electrons in each orbital, n i (p i,max ), which participate during scattering is given by
Following Ribberfors and Berggren [18] , we can write
here i n i (p i,max ) being the summation over all occupied states yields the total number of participating electrons. From eq. (1) and eq. (7) it follows that
Combining eq. (2) and eq. (8) for pure incoherent scatterers we get
Thus, we see that for samples which are pure incoherent scatterers, the number of electrons participating during Compton scattering is nothing but Z ef f . We shall now examine the immense utility of the above statement in calculating normalized Compton profiles of pure incoherent scatterers.
Procedure. The procedure laid out in the algorithm shown in fig. 1 is employed to evaluate normalized Compton profiles. This stepwise procedure is detailed below:
a) The SDCS values of the sample are first accurately measured using a strong photon source by employing
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b) The q values are converted to the atomic units and the double differential cross-section (DDCS) values are now calculated by using the SDCS values and the corresponding scattered peak.
c) In the impulse approximation the DDCS values are related to the un-normalized Compton profile values J(q) [18] . Hence from the DDCS values the J(q) values are computed.
d) The raw (un-normalized) J(q) so obtained are now required to be normalized. In the case of elements, the total free-atom Biggs et al. [7] Compton profiles are integrated as per eq. (6) to get the normalization constant (or the number of participatory electrons). However, for composite materials this calculation is a tedious process. It is here that eq. (9) will be very handy. Once the un-normalized J(q) are obtained, Z ef f itself can be used as the normalization constant to obtain normalized Compton profiles of the samples which are pure incoherent scatterers.
e) Clearly, in general, we come across two types of incoherent scatterers. Those with i) known composition (chemical formula) and those with ii) unknown composition.
While it is easier to normalize the Compton profiles of samples of known composition, the Compton profiles of the samples of unknown composition can be normalized only by using Z ef f via the steps a)-d). This is because Z ef f for such samples may be obtained from the measured SDCS values by using eq. (1). In fact, the Z ef f value will signify whether the sample behaves indeed like a pure incoherent scatterer or not at that momentum transfer for the incident energy and scattering angle.
Discussion.
We know that, usually, gamma rays of energy 59.54 keV emitted by the 241 Am source are employed in Compton profile studies. At this energy the free-electron assumption and the pure incoherent scatterer approximation are strictly valid only for Z below 9. To illustrate this point, the S(q, Z)/Z values interpolated from the non-relativistic Hartree-Fock-model-based compilations of Hubbell et al. [19] and relativistic Dirac HartreeFock-model-based compilations of Kahane [20] have been plotted as a function of Z up to Z = 20. Here q ≈ 4.16Å −1 corresponding to a gamma-ray energy of 59.54 keV and θ = 120
• . The plot is as shown in fig. 2 . One can observe from this plot that
values are nearly unity for Z less than 9 and slowly decrease progressively to a value less than one beyond this Z. One can easily envisage in the light of earlier results [8, 9, 21] that, as the incident energy is further increased, this upper limit on Z is only pushed far beyond 9. Although the region 1 < Z ef f < 9 appears very narrow, this is the region which corresponds to the Z ef f of a vast majority of composite materials of biological interest as well as H-, C-, N-and O-based polymers which find wide ranging applications in several fields of science and technology. Hence, at least in the case of such samples which are pure incoherent scatterers, the concept implicitly contained in eq. (2) may be used to advantage in calculating the total number of electrons participating in the Compton scattering process (or the normalization constant). -This method can be used to normalize the Compton profile of the amorphous composite materials which can be treated as pure incoherent scatterers whose composition is not known. This attribute is expected to provide a far-reaching advantage in applications of archeometry and Compton scatter imaging.
